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Molecular Biology SelectThis issue’s Molecular Biology Select highlights recent achievements in protein engineering. A new report describes
deliberate modifications of a scaffold protein to control the output of the MAP kinase signaling pathway. Other recent
studies illustrate several facets of rational protein design. These include the assembly of protein nanocapsules, an
analysis of the determinants of virus particle stiffness, the creation of a new tag for protein visualization, and the use
of genomic information to resurrect ancient proteins.
Reengineering the MAPK Pathway
The scaffold protein Ste5 assembles components of the MAP kinase (MAPK)
pathway in yeast. New work by Bashor et al. (2008) shows how Ste5 can be
deliberately engineered to control the output of the pathway. The authors
created both positive and negative feedback loops by adding artificial binding
sites (leucine zippers) to the existing Ste5 scaffold. The modified Ste5 proteins
were then able to recruit regulators, which have been designed to include the
complementary leucine zipper motif. To complete the feedback loops the
expression of the engineered MAPK pathway regulators were themselves
placed under the control of the MAPK pathway. For example, recruitment of
the positive regulator of MAPK signaling, Ste50, enhanced transcriptional
activity downstream of MAPK pathway activation and made the transcriptional
response more switch-like in its behavior. In contrast, the recruitment to Ste5 of
a negative regulator, the MAPK phosphatase Msg5, decreased transcriptional
activation and flattened the dose-response curve. The magnitude of the effect
can be further modulated by changing the strength of the interaction between
the artificial binding site and the recruited protein. Using variations on this
general scheme, the authors were able to engineer many different types of
responses to MAPK signaling, including a ‘‘pulse generator’’ circuit, which
peaks rapidly then tapers off, and an ultrasensitive switch that responds
dramatically over a very narrow concentration of a-factor, an activator of the
MAPK pathway. These findings not only demonstrate the critical and flexible
roles of scaffolds in controlling signaling dynamics, but indicate strategies for
the purposeful manipulation of cellular behavior for the emerging field of
synthetic biology.
C.J. Bashor et al. (2008). Science 318, 1539–1543.
Protein Nanocapsules Made to Order
Biocompatible nanocapsules might one day be used to selectively introduce
drugs or other compounds into specific target cells. As a step in this direction,
Ballister et al. (2008) now demonstrate the building of nanocapsules from a
simple protein building block. In previous work, the authors determined the
structure of Hcp1, a factor of unknown function secreted by the bacterium
Pseudomonas aeruginosa. Hcp1 forms hexameric rings. In the crystal lattice
used for structure determination, the Hcp1 rings are stacked on top of one
another forming tubular structures. Taking advantage of this packing arrange-
ment, the authors modified Hcp1 to introduce cysteine residues thereby creat-
ing disulfide bonds between the rings, which stabilize the tubules. They also
created other modified versions of Hcp1 that act as caps for the tubules and
by changing the prevalence of these chain-terminating Hcp1 mutant proteins
in the reaction mixture they could control nanotube length. In addition, these
Hcp1 caps were further modified on a residue found on the inside of the tube
to allow attachment of a ‘‘plugging’’ compound (a polyamidoamine dendrimer),
thus creating a true nanocapsule. An appealing feature of the chemistry used to
build this nanocapsule is that in principle if it can be internalized by cells, the
reducing environment of the cytoplasm would dissolve the disulfide bonds
allowing the release of anything trapped inside the nanocapsule. Future work may establish whether small molecules can
be contained within the nanocapsule or whether the external surface of the nanocapsule can be modified to aid in its
internalization or targeting to specific cells.
E.R. Ballister et al. (2008). Proc. Natl. Acad. Sci. USA 105, 3733–3738.
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For Viruses, DNA Provides a Source of Inner Strength
Previous work has shown that single-stranded DNA within the minute virus of mice
(MVM) contributes to the overall mechanical stiffness of MVM particles. Now Carrasco
et al. (2008) show that they can selectively disrupt these DNA-protein interactions and
thereby engineer a virus with altered mechanical properties. Building on the previous
crystal structure of the viral capsid and the single-stranded DNA within, they mutated
individual amino acids (Asp183Ala and Asp58Ala) to disrupt specific sites of DNA-
protein contact. They then tested the stiffness of the mutated MVM particles by using
atomic forcemicroscopy tomeasure the forceneeded tocausenanoscale indentations
in thecapsid. In theabsenceofDNA, themutantvirusandwild-typevirusdisplayedsim-
ilarmechanical properties.However,when single-strandedDNAwas inside, they found
that less forcewasneeded to indent themutatedMVMparticles compared towild-type
virus particles. These findings confirm the notion that specific residues mediate the
ability of DNA to buttress the viral capsid. This study also illustrates a rational approach
for the engineering of protein nanoparticles with desired mechanical properties.
C. Carrasco et al. (2008). Proc. Natl. Acad. Sci. USA 105, 4150–4155.
Multiprotein Labeling Is a SNAP (and CLIP)
Observing the dynamics of more than one protein in living cells requires that the proteins have
distinguishable tags. Gautier et al. (2008) have recently engineered a new tag based upon the
SNAP-tag protein, which they call CLIP-tag. SNAP-tag was originally derived from O6-alkyl-
guanine-DNA alkyltransferase and works because of its ability to incorporate small molecules
(O6-benzylguanine derivatives) that bear different fluorophores. In their current work, the
authors mutagenized residues that constitute the O6-benzylguanine binding site of the SNAP-
tag protein and then screened for mutant proteins that preferentially bound to O2-benzyl-
cytosine instead. Through sequential screening to select for amutant protein that would rapidly
and specifically incorporateO2-benzylcytosine, theywere able to create the CLIP tag. Because
CLIP tag binds to a different set of small molecule substrates compared with SNAP tag, the
two can be used in conjunction for multiprotein labeling. The added advantage of the SNAP
and CLIP tags is that it is possible to simultaneously distinguish different generations of
two different proteins simply by the addition of substrates bearing different fluorophores at
separate time points. The authors demonstrate this use for CLIP and SNAP-tag fusion proteins
in double pulse-chase experiments. The authors note that the SNAP and CLIP tags could also
be used to examine protein-protein interactions by florescence resonance energy transfer.
Future efforts might lead to the creation of yet other SNAP-tag derivatives, which would further
expand the possibilities for multiprotein labeling.
A. Gautier et al. (2008). Chem. Biol. 15, 128–136.
Old Proteins Made New Again
Not all types of protein engineering are efforts to bring never-before-seen macro-
molecules into the world. Some, like the protein engineering efforts of Gaucher
et al. (2008), seek instead to resurrect proteins from a bygone era. Using sequence
information of modern-day elongation factors of the EF Tu/1A family from eukar-
yotes, bacteria, and archaea, the authors inferred the likely amino acid sequences
of 25 ancestral proteins at multiple branch points in the tree of life. They then ex-
pressed and purified the reconstructed ancestral protieins and examined their
thermostability. It is known that the thermostability of modern elongation factors
reflects the temperature of the environments in which they are found. Because
the predicted ancestral proteins can be placed at various different times in the
past, the authorswere able to plotmelting temperatures of the resurrected proteins
as a function of geological time. The results of this analysis are consistent with the
notion that the Precambrian oceans cooled from 70ºC to 40ºC over a period of
3 billion years. Remarkably, this predicted rate of cooling closely matches the
rates inferred by geologists from the study of isotope ratios. These findings sug-
gests that the tools of molecular biology, when combined with the fruits of genome
sequencing, may have increasing relevance to the study of the ancient biosphere.
E.A. Gaucher et al. (2008). Nature 451, 704–707.
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